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[57] ABSTRACT

In an optical head, a semiconductor laser is supported
on a base and the base is secured to a hollow frame. A
lens-barrel for supporting collimator lens system is dis-
posed in the hollow frame so that the collimator lens
system is faced to the semiconductor laser. The frame
and lens-barrel are secured in point contact securement
to each other by studs screwed in dies provided on the
frame. The base, lens-barrel and frame are made of
materials having linear expansion coefficients satisfying
either one of inequalities aZy= 8 and 8>y >a, where
a, B and vy are linear expansion coefficients of the base,
frame and lens-barrel respectively.

22 Claims, 10 Drawing Figures
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OPTICAL HEAD

BACKGROUND OF THE INVENTION

This invention relates to an optical head in which a
light beam for reading, writing or erasing information is
converged on an information recording medium such as
an optical disk.

In the usual optical head the beam waist of a conver-
gent light beam has to be formed on a light-reflecting
surface or recording surface of the information record-
ing medium, i.e., optical disk, when writing information
on the disk, reading information therefrom or erasing
information thereon. To this end, the optical head is
provided with a focus servo control system for focus
control such that the beam waist of a light beam is
always held on the light-reflecting surface or recording
surface of the optical disk. In such a focus servo optical
system, particularly the optical system disclosed in the
U.S. patent application Ser. No. 399,872 filed in July,
1982, now U.S. Pat. No. 4,516,331 which adopts a so-
- called knife edge process of detecting focus from the
movement of a beam spot formed on the surface of a
hight detector provided in an image formation plane, on
which an image concerning a light-reflecting surface or
recording surface of an optical disk is formed, departure
of the beam waist of a convergent beam from the light-
reflecting surface or recording surface of the optical
disk is liable to result from even a slight error of the
length of the light path of the light beam or a slight
error of the axis of the optical system that would be
caused by changes in environmental conditions, particu-
larly ambient temperature changes.

SUMMARY OF THE INVENTION

An object of the invention is to provide an optical
head with an optical system which is less subject to the
error of optical axis and change in the light path length
with ambient temperature changes.

- According to the invention, there is provided an
optical head, which comprises a beam source for gener-
ating a light beam, a base supporting the beam source
mounted thereon and havmg a hinear expansion coeffici-
ent a, a frame supportmg the base secured thereto and
having a linear expansion coefficient 7, a lens-barrel
disposed in the frame and secured to the frame and
having a linear expansion coefficient 8, and a collimator
lens system disposed in and secured to the lens-barrel
for collimating the light beam generated from the beam
source, wherein the frame is made of a material having
a linear expansmn coefficient satisfying either one of
inequalities a=7y and 8> 7.

 According to the invention there is also provided an

optical head for focusing a light beam onto a light re-
flecting surface, which comprises a beam source for
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surface, wherein the frame is made of a material having
a linear expansion coefficient satisfying either one of
inequalities a=+y and 8> 7.

According to the invention, there is further provided
an optical head, which comprises a beam source for
generating a light beam, a first base supporting the beam
source mounted thereon and having a linear expansion
coefficient a, a frame supporting the first base secured
thereto and having a linear expansion coefficient v, a
first lens-barrel disposed in and secured to the frame and
having a linear expansion coefficient 8, a collimator
lens system secured to the first lens-barrel and having a
focal distance for collimating the light beam generated
from the beam source, an objective lens for converging
the collimated light beam to form a beam spot on a
light-reflecting surface, a photo detector for detecting
defocus by detecting the light beam from the projecting
lens, a second base supporting the light detector
mounted thereon, and a second lens-barrel secured to
the second base and accommodating the light detector
and projecting lens which face each other and having a
fixed linear expansion coefficient ¥, wherein the second
lens-barrel is made of a material permitting cancellation
of the defocus due to thermal deformation of the frame

and first lens-barrel by the defocus due to thermal de-
formation of the second lens-barrel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of one embodi-
ment of the optical head according to the invention;

FIG. 2 1s a simplified perspective view showing an
optical system in the optical head shown in FIG. 1;

FIGS. 3A to 3C are views illustrating the principles
of focus detection in the embodiment of the optical head
according to the invention;

FIG. 4 is a fragmentary perspective view showing a
structure for supporting a collimator lens system;

FIG. 5§ is a sectional view showmg the structure
shown in FIG. 4;

FIG. 6 1s a sectional view showing a structure for
supporting a collimator lens system in a modification of
the embodiment;

FIG. 7 1s a fragmentary perspective view showing a
structure for supporting a projecting lens system; and

FIG. 8 i1s a sectional view showing the structure
shown in FIG. 7.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

50
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generating a light beam, a base supporting the beam -

source mounted thereon and having a linear expansion
coefficient a, a frame secured to the base and having a
linear expansion coefficient v, a lens-barrel disposed in
and secured to the frame and having a linear expansmn
coefficient 8, a collimator lens system disposed in and
secured to the frame for collimiating the light beam
generated from the beam source, and an objective lens
for converging the collimated light beam to form a
“beam spot on a light-reflecting surface, the beam source
and hght-reflecting surface being held in an image fo-
cusing relation to each other by an optical system pro-
vided between the beam source and the light-reflecting

65

Now, an embodiment of the invention will be de-
scribed with reference to the drawings. FIG. 1 shows an
Information recording and reproducing apparatus em-
ploying an optical head according to the invention.
Reference numeral 2 designates an optical disk as an

information recording medium. The optical disk 2 has a

pair of transparent disks 4 and 6 bonded to the opposite

sides of inner and outer spacers 8 and 10. Light-reflect-

ing layers 12 and 14, which serve as information record-
ing layers, are formed by deposition on the inner sur-
faces of the transparent disks 4 and 6. The light-reflect-
ing layers 12 and 14 each have a helical tracking guide
16 formed on the surface. Information is recorded in the
form of pits on the tracking guide 16. The optical disk 2
has a central hole. When the optical disk 2 is mounted
on a turntable 18, its center spindie 20 is inserted into
the center hole of the optical disk 2, whereby the axes of
rotation of the turntable 18 and optical disk 2 are
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aligned. The turntable 18 is rotatably supported on a
support (not shown) and rotated at a constant speed by

a drive motor 24.
An optical head is shown, generally designated by 26.

It is movable in the radial direction of the optial disk 2
by a linear actuator 28 or a rotary arm. A semiconduc-
tor laser 30 is accommodated in the optical head 26 as a
source of a laser beam. When writing information on
the optical disk 2, a laser beam with the light intensity
thereof modulated according to the information to be
written is generated from the semiconductor laser 30.
When reading out the information from the optical disk
2. a laser beam having a constant light intensity 1s gener-
ated from the semiconductor laser 30. A divergent laser
beam that is generated from the semiconductor laser 30
is converted by collimator lenses 32 and 34 into a paral-
lel beam directed to a polarization beam splitter 36. The
parallel laser beam reflected by the polarization beam
splitter 36 is transmitted through a quarter wavelength
plate 38 to be incident on an objective lens 40. The
objective lens 40 converges the incident beam toward
the light-reflecting layer 14 of the optical disk 2. It 1s
supported such that it can be displaced in the direction
of its axis by a coil 42. When the objective lens is
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brought to a predetermined position, the beam waist of 25

the convergent laser beam from the objective lens 40 is
projected on the surface of the light-reflecting layer 14,
that is, a minimum diameter beam spot is formed on the
surface of the light-reflecting layer 14. In this state, the
objective lens 40 is in a focused state and ready for
writing or reading information. To write information,
pits are formed on the tracking guide 16 of the light-
reflecting layer 14 by the light intensity modulated laser
beam. On the other hand, to read information the con-
stant light intensity laser beam is light intensity modu-
lated as it is reflected by the pits formed on the tracking
guide 16.

When the objective lens 40 is focused, the divergent
laser beam reflected from the light-reflecting layer 14 of
the optical disk 2 is converted through the objective

~lens 40 into a parallel beam and is transmitted through

the quarter wavelength plate 38 to return to the polariz-
ing beam splitter 36. As the laser beam is transmitted
forwards and backwards through the quarter wave-
length plate 38, the polarization plane of the laser beam
is rotated 90 degrees, compared to the laser beam imme-
diately after reflection by the polarization beam sphtter
36. The laser beam whose polarization plane is rotated
by 90 degrees is not reflected by but is transmitted
through the polarization beam splitter 36. The laser
beam transmitted through the polarization beam splitter
36 is split by a half mirror 44. One of the split beams is
directed through a convex lens 46 to a first light detec-
tor 48. The first light detector 48 generates a first detec-
tion signal which contains information recorded on the
optical disk 2. The first detection signal is fed to a signal
processor for conversion to digital data. The other split
‘beam from the half mirror 44 is directed to a partial
light-blocking member 52, which transmits only a por-
tion of the incident laser beam separated from an optical
axis 53. The beam from the partial light-blocking mem-
ber 52 is traveled through a projecting lens 54 to a
mirror 56 and then to a second light detector 58. A
prism, an apertured slit, a knife edge, etc. may be used
insiead of the light-blocking member 52. The second
light detector 58 generates a second detection signal
- which is fed to a focus signal generator 66. The focus
signal generator 60 generates a focus signal which is fed
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to a coil driver 62. The coil driver 62 drives the coil 42
according to the focus signal to maintain the objective
lens 40 focused. For the accurate tracing of the tracking
guide 16 that is formed on the light-reflecting layer 14
on the optical disk 2, a linear actuator 28 may be oper-
ated through processing the signal from the second light
detector 28. Alternatively, the objective lens 40 may be
displaced laterally. As a further alternative, a galvano-
metric mirror (not shown) may be operated.

The optical system for detecting the focus shown in
FIG. 1 is shown in a simplified form in FIG. 2. FIGS.
3A to 3C show orbits of the laser beam concerning the
focus detection. When the objective lens 40 is in focus,
the beam waist, i.e., the minimum beam spot 64, is
formed on the surface of the light-reflecting layer 14.
The laser beam that is incident on the objective lens 40
from the semiconductor laser 30 is usually a parallel
beam, so that the beam waist is formed on the focal
point of the objective lens 40. However, when the laser
beam incident on the objective lens 40 from the laser 30
is slightly divergent or convergent, the beam waist 1s
formed in the vicinity of the focal point of the lens 40.
In the optical system shown in FIGS. 1, 2 and 3A to 3C,
a beam waist is formed on the light incidence surface of
the light detector 58 in the focused state of the objective
lens 40. That is, in the focused state, the image of the
beam waist 64 is formed on the center of the light inci-
dence surface of the light detector 58.

When the beam waist 64 is formed on the light-
reflecting layer 14 as shown in FIG. 3A, the laser beam
reflected by the light-reflecting layer 14 i1s converted
through the objective lens 40 into a parallel beam di-
rected to the partial light-blocking member 52. The
portion of the laser beam separated from the optical axis
53 and transmitted through the partial light-blocking
member 52 is converged through the projecting lens 34
to be incident as the minimum spot, i.e., beam waist
image, on the light incidence surface of the light detec-
tor 58. When the objective lens 40 is brought closer to
the light-reflecting layer 14, the beam waist is formed at
a position between the objective lens 40 and light-
reflecting layer 14 which reflects the laser beam, as
shown in FIG. 3B. In such defocusing state, the beam
waist is usually formed within the focal distance of the
objective lens 40. Therefore, the laser beam reflected by
the light-reflecting layer 14 and incident on the objec-

tive lens 40 is converted by the lens 40 into a divergent

laser beam, as is obvious from the assumption that the
beam waist functions as a light spot. The portion of the
laser beam transmitted through the partial light-block-
ing member 52 is again diverged. Therefore, the mini-
mum spot of the beam converged by the projecting lens
54 is formed not on the light incidence surface of the
light detector 58 but on a remoter point than the light
detector 58. More specifically, the laser beam portion is
incident on a portion of the light incidence surface of
the light detector 58 above the center thereof as shown
in FIG. 3B, and a greater beam pattern than the beam

waist image is formed on the light incidence surface.

60
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When the objective lens 40 is separated from the light-
reflecting layer 14, the laser beam is reflected by the
light-reflecting layer 14 after forming a beam waist, as
shown in FIG. 3C. In this defocused state, the beam
waist is formed outside the focal point of the objective
lens 40 and between the lens 40 and light-reflecting
layer 14. Therefore, the reflected laser beam directed

 from the objective lens 40 toward the partial lighti-

blocking member 52 is converged. The portion of the
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laser beam thus transmitted through the partial light-

blocking member 52 is further converged to form a

beam waist before it is incident on the light incidence
surface of the light detector 58. Thus, a beam pattern
greater than the beam waist image is formed on the
portion of the light incidence surface of the light detec-
tor 58 below the center thereof as shown in FIG. 3C.
The optical head described above requires highly
precise positioning and axial alignment of optical ele-
ments, which are important for an adequately focused
servo system. Particularly, the positioning and axial
alignment of the semiconductor laser 30, which serves
as the laser beam source, is very important for provid-
ing for an adequately focused servo action. This is so
because if the beam generating point of the semiconduc-
tor laser 30 is deviated even slightly from the optical
axis of the optical system, the generated laser beam
‘would move out of its proper direction, resulting in
failure of the normal operation of the optical system for
the focus detection. If the beam generating point of the
semiconductor laser 30 is deviated even slightly from a
predetermined point along the optical axis of the optical
system, the beam which is to be converted into a paral-
lel beam by the collimator lenses 32 and 34 would be
converted into a divergent or convergent beam by these
lenses. Particularly, with an optical system for focus
detection, in which an image of the light-reflecting
~ layer 14 of the optical disk is formed on the light detec-
tor 58 and a laser beam reflected from the light-reflect-
ing surface of the optical disk is detected, even a slight
deviation of the beam generating point of the semicon-
ductor layer 30 along the optical axis would cause a
comparatively great deviation of the beam spot on the
light detector 58. Generally, the optical elements of the
optical head are very precisely positioned and axially
algned when the head is assembled. However, these
optical elements are liable to move out of the accurate
position and axial alignment with changes in environ-
mental conditions, particularly a change in temperature.
To cope with such departure from the accurate posi-
- tion and axial alignment due to changes in environmen-
tal conditions, particularly with the deviation of the
beam generating point of the semiconductor laser 30,
the invention adopts a structure, which can hold .the
deviation within a tolerance. More specifically, as
shown in FIG. 4, the semiconductor laser 30 is secured
to a base 72. The base 72 is secured to a frame 74 such
that the beam generation point of the semiconductor
laser 30 is located on an axis of the frame 74. The colli-
mator lenses 32 and 34 are secured to a lens-barrel 76
which is disposed in the frame 74. The frame 74 and
lens-barrel 76 are secured in point contact securement
to each other by studs 75 screwed in dies provided. on
the frame 74, as shown in FIG. 5, such that the axes of
the collimator lenses 32 and 34 coincide with the axis of
the frame 74. Preferably, as shown in FIG. 6, an outer
~ periphery portion of the lens-barrel 76 that corresponds
to the periphery of the collimator lens 32, which is
disposed near the semiconductor laser 30, is secured to
the frame 74 by one or more studs 75. The outer periph-
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coefficient of the frame 74 is set to be at least equal to
the thermal expansion coefficient of either the base 72
or lens-barrel 76 or between the thermal expansion
coefficients of the base 72 and lens-barrel 76. For exam-
ple, the frame 74 is made of the same material as that of
either the base 72 or lens-barrel 74. As a more specific
example, the frame 74 is made of brass like the base 72,
while the lens-barrel 76 is made of aluminum. In this
case, the thermal expansion coefficient of the frame 74 is
either equal to or approximately equal to the thermal
expansion coefficient of the lens-barrel 76.

Selecting the materials for the base 72, frame 74 and
lens-barrel 76, as noted above, can prevent deviation of
the beam generating point of the semiconductor laser 30
from the axis of the collimator lenses 32 and 34. By so
doing, it is also possible to maintain substantially a con-
stant distance between the front focal point of the colli-
mator lens system, including the collimator lenses 32
and 34 and the semiconductor laser 30, irrespective of
the thermal expansion of the base 72, frame 74 and
lens-barrel 76. Thus, it is possible to prevent misjudging
the focusing state for defocusing state or vice versa in
the focus detecting lens system.

For example, where the base 72 and frame 74 are
made of brass, a change in the ambient temperature will
cause no strain between the base 72 and frame 74 for
their thermal expansion coefficients are equal. Thus, it is
possible to prevent departure of the beam generation
point of the semiconductor layer 30 from the axis of the
collimator lenses 32 and 34. Where the frame 74 and

- lens-barrel 76 are made of the same material, a change in

the ambient temperature will cause their thermal expan-
sion or contraction substantially to the same extent.

- Thus, the distance between the front focal point of the

35

collimator lens system and the semiconductor laser 30

- may be held substantially constant within a tolerance.
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ery portion of the lens-barrel 76, corresponding to the

outer periphery of the collimator lens 32 disposed near
the semiconductor laser 30, may be secured to the frame
by an adhesive instead of the stud or studs 75.

The base 72, lens-barrel 76 and frame 74 are made of
materials having respective linear expansion coeffici-
ents a, B and y which satisfy either inequality aZyZ
or B>y>a. In other words, the thermal expansion

65

Further, with the point contact securement of the outer
periphery portion of the lens-barrel 76, which corre-
sponds to the outer periphery of the collimator lens 32
disposed close to the semiconducter layer 30, to the
frame 74 by one or more studs 75, the thermal expansion
or contraction of the lens-barrel 76 will not cause sub-
stantial deviation of the collimator lenses 32 and 34.
Thus, the distance between the front focal point of the
collimator lens system and semiconductor laser 30 may
be held more constant within a tolerance.

The relation between the deviation due to thermal
expansion or contraction and tolerance will now be
discussed. Where a given outer periphery portion of the
lens-barrel 76 is secured by point contact securement by
one or more studs 75 to the frame 74 as shown in FIG.
5, the distance X1 from the front principle point of the
collimator lens system, consisting of the collimator
lenses 32 and 34, to the semiconductor layer 30 is given
as:

X1=B - A0,

where A0 represents the distance from the point of the
lens-barrel 76 in contact with the stud or studs 75 to the
front principle point of the collimator lens system, and

B represents the distance from the aforesaid contact

point of the lens-barrel 76 to the semiconductor laser 30.
When an ambient temperature change of At° occurs, the
frame 74 and lens-barrel 76 undergo thermal expansion
or contraction with respect to the afore-said contact
point of the lens-barrel 76. Assuming that the distance
from the front principle point of the collimator lens



4,641,023

7

system to the semiconductor laser 30 is changed from
X1 to X2 due to the thermal expansion or contraction,
~ the distance X2 1s given as:

X2=BX(14+yXAt)—A0OX(1+BXAl) (1),

where 8 and v are linear expansion coefficients of the
materials of the lens-barrel 76 and frame 74, respec-
tively. The change |AX| (|AX|=|X2-X1]) in the
- distance from the front principle point of the collimator
lens system to the semiconductor laser 30 1s given as:

|AX | = |(BXy—ADXB)X At] 2).

In the above equation, the deviation of the collimator
1lens system consisting of the collimator lenses 32 and 34
with respect to the front principle point of the collima-
tor lens system is very small. For this reason, the posi-
tion of the collimator lens 32, which is disposed nearer
the semiconductor laser 30, may be made a reference
point in lieu of the front principle point of the collimator
lens system. In this case, denoting the distance from the
position of the collimator lens 32 shown in FIG. S to the
semiconductor laser 30 by Al, we can have a similar

equation to equation 2, namely:
|AX | = |(BXy~Al1XB)XAt] (3).

‘Where the outer periphery portion of the lens-barrel

" 76 corresponding to the outer periphery of the collima-

tor lens 32 disposed nearer the semiconductor laser 30 is
secured by one or more studs 75 to the frame 74, the
change in the distance from the point of the lens-barrel
76 in contact with the stud or studs 75 to the semicon-
ductor laser 30 can be obtained as follows.

When a temperature change of At® occurs, the frame
74 and lens-barrel 76 are thermally expanded or con-
tracted with respect to the afore-said contact point of
the lens-barrel 76. The thermal expansion or contrac-
~ tion of the lens-barrel 76 has no influence on the dis-
" tance C from the afore-said contact point of the lens-
barrel 76 to the semiconductor laser 30, but only the
thermal expansion or contraction of the frame 74 has
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influence on the distance C. The change {AX| in the ,¢

distance C caused due to the thermal expansion or con-
traction of the frame 74 1s given as:

|AX| = |yC X At] (4).
Equation 4 holds when A1=0 and B=C are substituted
into equation 3.

When the value of |AX]| is increased, the laser beam
from the collimator lens system, including of the colli-
mator lenses 32 and 34, is no longer a parallel beam but
is a divergent or convergent beam. The beam is diver-
gent if AX is negative, while it is convergent if AX is
positive. The extent of divergence or convergence is
increased with increasing value of |AX|. Therefore, an
increase of the value of |AX| is liable to cause mis-
judgement of the focused state as a defocusing state or
vice versa in the focus detection lens system. For this
reason, a condition | AX| =0 should be met as much as

possible, that is, the materials of the base 72, frame 74

and lens-barrel 76 are preferably selected to meet the
~ condition noted above. Actually, however, it is impossi-
~ ble to perfectly meet the condition, and the materials
and shapes of the base 72, frame 74 and lens-barrrel 76

50
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are selected to hold the value of |AX| within a toler-
ance corresponding to a permissible defocusing value.
The permissible defocusing state will now be consid-

ered.
It is assumed that the objective lens 40 is an ideal lens
free from aberration and converges an incident parallel

laser beam having a spacially uniform light intensity
distribution to form a minimum beam spot. The size al
of this beam spot is given as:

where NA is the numerical aperture of the lens.

Assuming that the spacial light intensity distribution
of the laser beam is analogous to the Gaussian distribu-
tion and has the radius of w, where the light intensity 1s
1/e2 of the center light intensity, and the radius (Z) of
the beam separated by Z along the optical axis 1s

)2
The radius w(Z) of the beam on the light-reflecting

layer in the case of defocusing of Z is expressed using
the above equation as:
AZ

2
<z>{( - }
Two
{ ( (NAY )zz]
0.17 wA

The center light intensity at this time 1is:

2_
J =3 am
_{ w(Z)

The minimum center light intensity I, necessary for
the recording is:

. _
(NA)? 2 b
{[“r(o.wm ol Bl

AZ

ﬂfﬂﬂz

m(Z)--ma 1+(

—
e ———

I min

2

2.
() 22 i

, 2
(N4~ 2 < 1/fin — 1

(0.17@. z_-‘“ /Amin
_ 0.17 7A ' -

z| = (NA"; N1/ Zin — 1

Substltutmn of a=0.83 pm, NA=0. 6 and Inin=0.7
ylelds

N0.4286 = 21

S X 0.65 = 0.79 pm
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Also, substitution of A=0.83 um, NA=0.5 and
Inin=0.7 yields:

0.44 X 0.65

- =
2] = 0.25

= 1.16 pm

The values of A and NA may be varied in some ranges
which are centered on the values noted above. In view
of the way of setting 1,,i», a criterion of the permissible
defocus 1s £=2.0 pm. Thus, for the optical disk the value
of Ax may be determined such that the defocusing is
held within the permissible defocusing noted above, and
accordingly, the materials and shapes of the frame 74
and lens-barrel 76 may be determined.

More specifically, since the semiconductor laser 30
and surface of the recording film (i.e., light-reflecting
layer 14) are in an image focusing relation to each other,
a displacement d of the semiconductor layer 30 corre-
sponding to defocusing value & on the recording film
surface 1s d=M0, where M is the longitudinal magnifi-
cation. Since the permissible defocusing is 2.0 um, as
noted above, the permissible deviation of the semicon-
ductor laser 30 with respect to the front point of the
collimator lens system, consisting of the collimator
lenses 32 and 34, 1s =2 X M. Thus, the deviation of the
semiconductor laser 30 is restricted such that the

change Ax in the distance between the semiconductor
laser 30 and the front principle point of the collimator

lens system with temperature changes is held within the
afore-mentioned tolerance. That is, the parameters may
be determined as: |

|(BXy—A0XB) X At| M5 (6),

H(BXy—A1XB)XAt| =M6& (7),
or

- |YCXAt]| =M$b

where 6=2.0 um. |
- The temperature usually changes in a range of 0° to
- 40° C,, that is, At=20° C. with respect to normal tem-

perature. Hence, the parameters may be determined as: -

|(BXy—A0XB)| =M/ | At (10),

|(BXy—AlXB)| =M/ At| (11),

or

|vC| =M&/| At| (12),
- where 6=2.0 um and |At|=20.

Now, the deviation of the projecting lens 54 in the
optical system for detecting the defocusing state caused
by temperature changes, will be discussed. In the focus
detecting optical system, as shown in FIG. 7, the light
detector 38 1s secured to a base 38 like the collimator
lens system, and the base 82 is secured to a lens-barrel
80, to which the projecting lens 54 is secured. Like the
- collimator lens system, a temperature change will cause
thermal expansion or contraction of the lens-barrel 80,
thus causing a deviation of the projecting lens 54. Con-
sequently, misjudging the focused state for a defocusing
state or vice versa is liable to occur in the focus detect-
- ing system. This misjudgement, however, can be elimi-
nated if the deviation of the collimator lens system is
- cancelled by the deviation of the projecting lens 54.
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The deviation of the projecting lens 54 will now be
considered. Denoting the distance between the rear
principle point of the projecting lens 54 and light detec-
tor 58 by L, as shown in FIG. 8, and the change in the
distance L due to a temperature change by At by AL,
this change AL, which is due to thermal expansion or
contraction, is given as:

where X 1s the linear expansion coefficient of the lens-
barrel 80.

The defocusing value 61 and 62 with respect to the
deviation AL of the projecting lens 54 and the deviation
AX of the collimator lens system, respectively, which
are positive in the direction in which the optical disk
goes away from the projecting lens 40, are given as:

81=(f0/f1)2AX =(f0/f1)2(B Xy~ A0 X 8) X At (14),

and

52=(f0/f2)AL =(f0/f2)2yLAt (15),
where fl1 is the focal distance of the collimator lens
system, including of the collimator lenses 32 and 34, and
f2 is the focal distance of the objective lens 40. The
equations 14 and 15 hold because the semiconductor
laser 30 and optical disk 2 in the projecting lens system
for projecting a laser beam onto the light-reflecting
surface of the optical disk 2 are in an image focusing
relation to each other, and the light-reflecting surface of
the optical disk 2 and light detector 58 in the focus
detection system for detecting the focus from the laser
beam reflected by the light-reflecting surface of the

optical disk 2 are in an image focusing relation to each
other.
The defocusing value 62 is based on the absence of

focus servo, and in the presence of the focus servo ac-

tion, the polality of the defocusing value 82 is reversed.
The total defocusing value is thus given as:

6 =061 — 82

= {(O/AP(B X vy — A0 X B) — (0/f2)2xL}At.

(16)

In order for & to be sufficiently small, it is necessary to
satisfy a condition:
(BXy—A0XB)XxL>0 (17).
So long as this condition is satisfied, the defocusing
value 61 and 62, corresponding to the deviation AL of
the projecting lens 54 and deviation Ax of the collimator
lens system, respectively, cancel each other.

Since the defocusing value & due to the deviation of
the projecting lens 54 and deviation of the collimator

~ lens system is required to be less than the permissible
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defocusing value d, there holds a similar equation:

[ {(f0/f1)*(B+y—A0X B)—(f0/f2)2yL}At | =d (18).
where d=2.0 um.

Since the temperature usually changes in a range of 0°
to 40° C,, that is, At=20° C., with respect to normal
temperature:

| {(f0/f1)2(B Xy — AOX B)— (f0/£2)2xL} | =d/At (19).
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where d=2.0 um and |At]|=20.
Preferably, following equation is established:

(f0/f1)2(B Xy — A0 X 8)=(f0/f2)*xL (20).
- The materials and shapes of the base 72, frame 74 and
lens-barrel 76 and 80 are selected to satisfy the above
conditions.

As has been shown, according to the invention, 1t 1s
possible to select the materials and shapes of the base 72,
frame 74 and lens-barrel 76 and 80 on the basis of the
total defocusing value 6, which is the sum of the abso-
lute value of the defocusing value 61 due to the devia-
tion AL of the projecting lens 54 and the absolute value

10

of the defocusing value 82 due to the deviation AX of 15

the collimator lens system instead of the defocusing
value 6 which corresponds to the difference between
the defocusing value 81 and 82 noted above. The total
defocusing value & as the sum of the absolute values of
the defocusing value 81 and 62 is given as:

5= |81] + |82] 21)

= {|/MAB X v — A0 X B)] + |(f0/2)*xL|}At.

Likewise, since the defocusing value & due to the
deviation of the projecting lens 54 and deviation of the
collimator lens system is required to be less than the

- permissible defocusing value d, there holds the relation:

{](f0/f1)2(B X y—A0X B)| + | (f0/f2)>xL | }At=d (22),
where 6=2.0 um.

Since the temperature usually changes in a range of 0°
to 40° C., that is, At=20° C., with respect to normal
temperature:

| (f0/f1)2(B X y—A0X B)] + | (f0/f2)’xL | =d/At (23),

. where 6=2.0 um and {At|=20. The materials and

.. shapes of the base 72, frame 74 and lens-barrel 76 and 80

. -are selected to satisfy the above conditions.

The above concept of selecting the materials and
shapes of the base 72, frame 74 and lens-barrel 76 and 80
so as to hold the defocusing value caused by deviation
of the projecting lens 54 and deviation of the collimat-
ing lens system, within the permissible defocusing
value, is applicable not only to the focus detecting sys-
tem as described above but also to other focus detecting
systems such as an astigmatic system. |

Further, the focus detection system is not lnmted to
the so-called knife edge type, but 1t is possible to adOpt
various other focus detecting systems.

What is claimed is:

1. An optical head comprising a beam source for
generating a light beam, a base supporting said beam
source mounted thereon and having a linear expansion
coefficient o, a frame supporting said base secured
thereto and having a linear expansion coefficient vy, a
lens-barrel disposed in and secured to said frame and
having a linear expansion coefficient 8, and a collimator
lens system disposed in and secured to said lens-barrel
for collimating the light beam generated from said beam
source, said frame being made of a material having a
linear expansion coefficient satisfying either one of the
inequalities a=<y and B=v.

2. The optical head according to claim 1, wherein
said base, lens-barrel and frame are made of materials
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having linear expansion coefficients satisfying either
one of inequalities a=y=p and >y >a.

3. The optical head according to claim 1, wherein
said base and frame are made of the same material.

4. The optical head according to claim 1, which fur-
ther comprises a member for securing said lens-barrel to
said frame by point contact securement.

5. The optical head according to claim 1, wherein
said collimator lens system includes at least one collima-
tor lens, an outer periphery portion of said lens-barrel
corresponding to the outer periphery of said collimator
lens being secured to said frame.

6. The optical head according to claim 1, wherein the
materials of said frame and said lens-barrel are selected
such that |

BXy—A0Xp

is substantially zero, where A0 represents the distance
from the secured point of said lens-barrel to the front
principle point of said collimator lens system, and B
represents the distance from said secured point of lens-
barrel to said beam source.

7. The optical head according to claim 1, wherein the
materials of said frame and said lens-barrel are selected
such that

BxXy—Ai1lXg

is substantially zero, where A1 represents the distance
from the secured point of said lens-barrel to a collimator
lens in said collimator lens system, and B represents the
distance from said secured point of lens-barrel to said
beam source.

8. An optical head comprising a beam source for
generating a light beam, a base supporting said beam
source mounted thereon and having a linear expansion
coefficient a, a frame secured to said base and having a
linear expansion coefficient v, a lens-barrel disposed 1n
and secured to said frame and having a linear expansion
coefficient B, a collimator lens system disposed in and
secured to said frame for collimating the light beam
generated from said beam source and an objective lens
for converging the collimated light beam to form a
beam spot on a light-reflecting surface, said beam
source and light-reflecting surface being held in an
image focusing relation to each other by an optical
system provided between said beam source and light-
reflecting surface, said frame being made of a material
having a linear expansion coefficient satisfying either
one of the inequalities a=vy and 8>7.

9. The optical head according to claim 8, wherein
said base, lens-barrel and frame are made of materials
having linear expansion coefficients satisfying either
one of the inequalities aZy= and 8>y >a.

10. The optical head according to claim 8, wherein
said ‘base and frame are made of the same material.

11. The optical head according to claim 8, which
further comprises a member for securing said lens-bar-
rel to said frame by point contact securement.

12. The optical head according to claim 8, wherein
said collimator lens system includes at least one collima-
tor lens, an outer periphery portion of said lens-barrel
corresponding to the outer periphery of said collimator
lens being secured to said frame.

13. The optical head according to claim 8, wherein
the materials of said frame and lens-barrel are selected
such that
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BXy—A0XpS

15 substantially zero, where A0 represents the distance
from the secured point of said lens-barrel to the front
principle point of said collimator lens system, and B
represents the distance from said secured point of said
lens-barrel to said beam source.

14. The optical head according to claim 8, wherein
the materials of said frame and lens-barrel are selected
such that

BXy—Al1Xp

1s substantially zero, where A1 represents the distance
from the secured point of said lens-barrel to a collimator

lens in said collimator lens system, and B represents the

distance from said secured point of the lens-barrel to
said beam source.

15. The optical head according to claim 8, wherein
said lens-barrel and frame are made of materials satisfy-
ing a condition:
|(BXy—A0XB)| =Md/|At]

where M represents a longitudinal magnification deter-
mined by the optical .system provided between said
beam source and hght-reﬂectmg surface, A0 represents
the distance from the secured point of said lens-barrel to
the front principle point of said collimator lens system,

- B represents the distance from said secured point of the
lens-barrel to said beam source, 0 represents the permis- .

sible defocusing value in the objective lens and is 2.0
pum, and |At| represents the absolute value of the tem-
~perature change from the normal temperature and is 20.
16. The optical head according to claim 8, wherein

said lens-barrel and frame are made of materials satisfy-
ing a condition:

|(BXy—A1XB)=Mb/| At

where M represents a longitudinal magnification deter-
mined by the optical system provided between said
beam source and hght-reﬂeetmg surface, Al represents

. ‘the distance from the secured point of said lens-barrel to

a collimator lens in said collimator lens system, B repre-
sents the distance from said secured point of the lens-
barrel to said beam source, & represents the permissible
defocusing value in the objective lens and is 2.0 um, and
| At} represents the absolute value of the temperature
change from the normal temperature and is 20.

17. The optical head according to claim 8, wherein
said collimator lens system includes at least one collima-
tor lens, an outer periphery portion of said lens-barrel
corresponding to the outer periphery of said collimator
lens being secured to said frame, the materials of said
frame and lens-barrel being made of materials satisfying
a condition: |

ICXy| =MS/|At|

where M represents a longitudinal magnification deter-
mined by the optical system provided between said
beam source and light-reflecting surface, C the distance
from the secured point of said lens-barrel to said beam
source, & represents the permissible defocusing value in
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pansion coefficient a, a frame supporting said first base
secured thereto and having a linear expansion coeffici-
ent v, a first lens-barrel disposed in and secured to said
frame and having a linear expansion coefficient 8, a
collimator lens system secured to said first lens-barrel
and having a focal distance f1 for collimating the light
beam generated from said beam source, an objective
lens having a focal distance f0 for converging the colli-
mated light beam to form a beam spot on a light-reflect-
ing surface, a projecting lens having a focal distance 2
tor transferring the light beam reflected from the light
reflecting surface, a light detector for detecting a defo-
cusing by detecting the light beam from said projecting
lens, and a second base supporting said light detector
mounted thereon, a second lens barrel secured to said
second base and accommodating said light detector and

projecting lens mutually faced to each other and having
a fixed linear expansion coefficient X, said second lens-

barrel being made of a material permitting cancellation
of the defocusing caused by thermal deformation of said
frame and first lens-barrel of the defocusing caused by
thermal deformation of said second lens-barrel.

19. The optical head according to claim 18, wherein
the materials and shapes of said first base, frame and first
and second lens-barrels are selected to meet a condition:

(BXy—A0XB)XYL>0

where AQ represents the distance from the secured
point of the lens-barrel to the front principle point of
said collimator lens system, B represents the distance
from said secured point of the lens-barrel to said beam
source, and L represents the distance between said pro-
jecting lens and light detector.

20. The optical head according to claim 18, wherein
the materials and shapes of said first base, frame and first
and second lens-barrels are selected to meet a condition:

H{(0/f1)2(B X y—A0X B)— (f0/f2)*xL} | =d/At

where A(Q represents the distance from the secured
point of the lens-barrel to the front principle point of
said collimator lens system, B represents the distance
from said secured point of the lens-barrel to said beam
source, L 1s the distance between said projecting lens
and light detector, d represents the permssnble defocus-
ing value in said objective lens and is 2.0 pm, and |At|

is the absolute value of the temperature change from the

normal temperature and is 20.

21. The optical head according to claim 18, wherein
the materials and shapes of said first base, frame and first
and second lens-barrels are selected to meet a condition:

(f0/f1)2(B X y—A0X 8)=(f0/f2)yL

-22. The optical head according to claim 18, wherein
the materials and shapes of said first base, frame and first
and second lens-barrels are selected to meet a condition:

| (RO/E1)2(BX y— ADXB)| + | (0/£2)2xL| =d/At

where A0 is the distance from the secured point of the
lens-barrel to the front principle point of said collimator

- lens system, B represents the distance from said secured

- point of lens-barrel to said beam source, L is the dis-

the objective lens and is 2.0 um, and | At| represents the

absolute value of the temperature change from the nor-
mal temperature and is 20. . |

- 18. An optical head comprising a beam source for
generating a light beam, a first base supporting said
beam source mounted thereon and having a linear ex-
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tance between said projecting lens and light detector, d

represents the permissible defocusing value in said ob- -

Jective lens and is 2.0 pm, and | At| is the absolute value

of the temperature change form the normal temperature
and is 20. |

* % %k x %k
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